
European  Patent  Office  ©  Publication  number:  0  0 3 0   8 1 8  

Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80304360.3  ©  Int.  CI.3:  C  21  C  5 /34  
~  C  21  C  7 /068  
(22)  Date  of  filing:  03.12.80 

@  Priority:  12.12.79  US  102607  ©  Applicant:  ALLEGHENY  LUDLUM  STEEL 
CORPORATION 
Oliver  Building  2000  Oliver  Plaza 

(j3)  Date  of  publication  of  application:  Pittsburgh  Pennsylvania  15222(US) 
24.06.81  Bulletin  81'25 

©  Inventor:  Simmons,  Richard  Paul 
(sj)  Designated  Contracting  States:  Witherow  Road 

AT  BE  DE  FR  GB  IT  SE  Sewickley  Pennsylvania  15143(US) 

©  Representative:  Sheader,  Brian  N.  et  al, 
ERIC  POTTER  &  CLARKSON  5  Market  Way  Broad  Street 
Reading  Berkshire,  RG1  2BN(GB) 

(M 
<  

00 

00 

o  
CO 
o  

©)  Improved  method  of  decarburizing  molten  metal. 
(57)  A  method  of  refining  molten  metal  is  disclosed  compris- 
ing  the  steps  of  injecting  a  mixture  of  oxygen  and  an  inert 
gas  below  the  surface  of  molten  metal  at  a  high  oxygen  to 
inert  gas  ratio  of  at  least  2:1  while  utilizing  from  about  2.5  to 
12%  of  the  injected  inert  gas  to  shroud  the  remainder  of  the 
injected  gaseous  mixture.  The  oxygen  to  inert  gas  ratio  is 
progressively  decreased  as  the  carbon  content  in  the  molten 
metal  decreases  and  the  temperature  of  the  molten  metal 
increases.  The  improvement  of  the  present  invention  com- 
prises  supplying  dry  air  to  the  remainder  of  the  injected 
gaseous  mixture  in  the  quantity  sufficient  for  the  nitrogen  in 
the  dry  air  to  fulfill  the  inert  gas  requirements  for  the  remain- 
der  of  the  injected  gaseous  mixture,  and  for  the  oxygen  in 
the  dry  air  to  fulfill  at  least  a  portion  of  the  oxygen  require- 
ments  forthe  injected  gaseous  mixture. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d e c a r b u r i z i n g  

m o l t e n   m e t a l   and ,   more  p a r t i c u l a r l y ,   to  an  i m p r o v e d   m e t h o d  

of  r e f i n i n g   m o l t e n   s t e e l   by  u t i l i z i n g   dry  a i r   in  o r d e r  

to  r e d u c e   t h e   r e q u i r e m e n t s   f o r   g a s e o u s   n i t r o g e n   a n d  

g a s e o u s   o x y g e n   p r e v i o u s l y   s u p p l i e d   from  s e p a r a t e   g a s  

s o u r c e s .  

In  t h e   p r o d u c t i o n   of  m e t a l ,   p a r t i c u l a r l y   s t e e l ,   i t  

is   s t a n d a r d   p r a c t i c e   to  r emove   e x c e s s i v e   q u a n t i t i e s   o f  

c e r t a i n   i m p u r i t i e s   w h i c h   may  be  p r e s e n t   in  t he   m e t a l .  

An  e s s e n t i a l   p a r t   of  p r e s e n t   day  s t e e l   p r o d u c t i o n   i n c l u d e s  

a  p r o c e s s   c a l l e d   d e c a r b u r i z i n g .   D e c a r b u r i z i n g   is   a  

p r o c e s s   f o r   r e d u c i n g   t h e   amount   of  c a r b o n   p r e s e n t   in  t h e  

m e t a l .   T h i s   p r o c e s s   i s   g e n e r a l l y   p e r f o r m e d   by  i n j e c t i n g  

oxygen   i n t o   m o l t e n   s t e e l   in  a  m a n n e r   w h i c h   p r e c i p i t a t e s  

a  r e a c t i o n   b e t w e e n   t h e   c a r b o n   d i s s o l v e d   in  t he   m o l t e n  

s t e e l   and  t h e   i n j e c t e d   g a s e o u s   o x y g e n   to  form  v o l a t i l e  

c a r b o n   o x i d e s   w h i c h   may  be  r e m o v e d   f rom  t h e   m o l t e n   s t e e l .  

V a r i o u s   d e c a r b u r i z i n g   p r o c e s s e s   a re   d i s c l o s e d   in  t he   p r i o r  



a r t   i n c l u d i n g   U n i t e d   S t a t e s   L e t t e r s   P a t e n t   Nos.  3 , 7 4 1 , 5 5 7 ;  

3 , 7 4 8 , 1 2 2 ;   3 , 7 9 8 , 0 2 5   and  3 , 8 3 2 , 1 6 0 .  

A  v a r i a n t   to   d e c a r b u r i z i n g   w i t h   s u b s t a n t i a l l y   p u r e  

o x y g e n   a l o n e   i s   d i s c l o s e d   in  U n i t e d   S t a t e s   L e t t e r s   P a t e n t  

Nos .   3 , 0 4 6 , 1 0 7   and  3 , 2 5 2 , 7 9 0 .   Such   a l t e r n a t i v e   p r o c e s s  

i n c l u d e s   t h e   s i m u l t a n e o u s   i n t r o d u c t i o n   of  g a s e o u s   o x y g e n  

and  an  i n e r t   gas   i n t o   t h e   m o l t e n   m e t a l   in  a  c o n t r o l l e d  

m a n n e r .   Such   p r o c e s s   has   t h e   a d v a n t a g e   of  m i n i m i z i n g  

c h r o m i u m   and  i r o n   o x i d a t i o n   d u r i n g   d e c a r b u r i z i n g .  

A l t h o u g h   n o t   n o r m a l l y   c o n s i d e r e d   to   be  an  i n e r t   g a s ,  

n i t r o g e n   i s   commonly   u t i l i z e d   to   p r o v i d e   t h e   m a j o r i t y  

of  t h e   i n e r t   gas   r e q u i r e m e n t s   f o r   s u c h   a l t e r n a t i v e  

d e c a r b u r i z a t i o n   p r o c e s s .  

In  p r a c t i c i n g   t h e   d e c a r b u r i z i n g   p r o c e s s   d e s c r i b e d  

a b o v e ,   i t   h a s   b e e n   s t a n d a r d   p r a c t i c e   to   i n s t a l l   a n d  

m a i n t a i n   s e p a r a t e   s t o r a g e   f a c i l i t i e s   f o r   t h e   g a s e o u s  

o x y g e n ,   t h e   a r g o n ,   t h e   n i t r o g e n ,   and  o t h e r   i n e r t   g a s e s  

and  to   p u r c h a s e   s u f f i c i e n t   q u a n t i t i e s   of  t h e   p u r e   g a s e s ,  

o x y g e n ,   n i t r o g e n ,   a r g o n ,   e t c . ,   as  may  be  r e q u i r e d .   T h e  

use   of   s e p a r a t e   s t o r a g e   f a c i l i t i e s   f o r   t h e   d i f f e r e n t  

g a s e s   u s e d   in  t h e   d e c a r b u r i z i n g   p r o c e s s   p e r m i t t e d   t i g h t  

c o n t r o l   of   gas   v o l u m e s   and  a c c u r a t e   m a i n t e n a n c e   of  o x y g e n  

to   i n e r t   gas   r a t i o s   as  i s   r e q u i r e d   in  t h e   d e c a r b u r i z i n g  

p r o c e s s .  

I t   i s   u n d e r s t a n d a b l e   t h a t   gas   c o n s u m p t i o n   c o s t s  

a s s o c i a t e d   w i t h   t h e   p u r c h a s e   of  s u b s t a n t i a l l y   p u r e   n i t r o g e n  



and  o x y g e n   in  s i g n i f i c a n t l y   l a r g e   q u a n t i t i e s   to  p r o v i d e  

t he   d e c a r b u r i z i n g   gas  r e q u i r e m e n t s   f o r   a  s t e e l   m a k i n g  

f a c i l i t y   a r e   s i g n i f i c a n t .  

I t   is   t h e   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

m e t h o d   of  d e c a r b u r i z i n g   m o l t e n   m e t a l ,   p a r t i c u l a r l y   s t e e l ,  

w h i c h   a d e q u a t e l y   r e d u c e s   t he   c a r b o n   c o n t e n t   of  the   s t e e l  w h i l e  

e n a b l i n g   p r e s e n t   gas  c o n s u m p t i o n   c o s t s   to  be  r e d u c e d .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

d e c a r b u r i z i n g   m o l t e n   m e t a l   c o m p r i s i n g   t he   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t   g a s  

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f rom  s e p a r a t e   gas  s o u r c e s   i n t o   m o l t e n   m e t a l   b e l o w  

t h e   s u r f a c e   t h e r e o f ,   a t   a  h i g h   o x y g e n   to  i n e r t   g a s  

r a t i o   of  at   l e a s t   2 : 1 ,   w h e r e b y   a  p o r t i o n   of  t h e  

i n j e c t e d   o x y g e n   r e a c t s   w i t h   t he   c a r b o n   to  e v o l v e  

c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   f rom  2.5  to  12% 

of  t h e   i n j e c t e d   i n e r t   gas  to  s h r o u d   the   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,  

p r o g r e s s i v e l y   d e c r e a s i n g   the   oxygen   to  i n e r t  

gas  r a t i o   as  t he   c a r b o n   c o n t e n t   in  t he   m o l t e n   m e t a l  

d e c r e a s e s   and  as  t he   t e m p e r a t u r e   of  t he   m o l t e n   m e t a l  

i n c r e a s e s ,   a n d  

c o n t i n u i n g   i n j e c t i n g   the   g a s e o u s   m i x t u r e   u n t i l  

t he   c a r b o n   c o n t e n t   in  t h e   m o l t e n   m e t a l   d e c r e a s e s  

to  t he   d e s i r e d   l e v e l ,  



c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to   u t i l i z e   f rom  2 .5   to  12% 

of  t h e   i n j e c t e d   i n e r t   gas   f rom  a  s e p a r a t e   gas  s o u r c e  

to  s h r o u d   t h e   r e m a i n d e r   of  t h e   i n j e c t e d   g a s e o u s  

m i x t u r e ,   s u p p l y i n g   d ry   a i r   to   t h e   r e m a i n d e r   of  t h e  

i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y   s u f f i c i e n t  

f o r   t h e   n i t r o g e n   in  t h e   d ry   a i r   to   f u l f i l l   t h e   i n e r t  

gas   r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   and  f o r   t h e   o x y g e n   in  t h e   d ry   a i r  

to   f u l f i l l   a  p o r t i o n   of  t h e   o x y g e n   r e q u i r e m e n t s   f o r  

t h e   r e m a i n d e r   of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   t h e   v o l u m e   of  o x y g e n   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas   s o u r c e s   in  a c c o r d a n c e  

w i t h   t h e   v o l u m e   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t h e   s u p p l y   of  d ry   a i r   to   m a i n t a i n   t h e   r e q u i r e d  

o x y g e n   to  i n e r t   gas   r a t i o .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  m e t h o d   o f  

d e c a r b u r i z i n g   m o l t e n   m e t a l   c o m p r i s i n g   t h e   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t  

gas   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f rom  s e p a r a t e   gas   s o u r c e s   i n t o   m o l t e n   m e t a l   b e l o w  

t h e   s u r f a c e   t h e r e o f ,   a t   an  o x y g e n   to  i n e r t   g a s  

r a t i o   of  a t   l e a s t   as  h i g h   as  2 : 1 ,   w h e r e b y   a  p o r t i o n  

of  t h e   i n j e c t e d   o x y g e n   r e a c t s   w i t h   t h e   c a r b o n   t o  

e v o l v e   c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   f rom  2.5  to  12% 



of  t h e   i n j e c t e d   i n e r t   gas  to  s h r o u d   t he   r e m a i n d e r  

of  t he   i n j e c t e d   g a s e o u s   m i x t u r e ,  

p r o g r e s s i v e l y   d e c r e a s i n g   the   o x y g e n   to  i n e r t  

gas  r a t i o   to  at  l e a s t   as  low  as  1:2  as  t he   c a r b o n  

c o n t e n t   in  t h e   m o l t e n   m e t a l   d e c r e a s e s   and  as  t h e  

t e m p e r a t u r e   of  the   m o l t e n   m e t a l   i n c r e a s e s ,   a n d  

c o n t i n u i n g   i n j e c t i n g   t h e   g a s e o u s   m i x t u r e   a t  

an  o x y g e n   to   i n e r t   gas  r a t i o   of  a t   l e a s t   as  l o w  

as  1:2  u n t i l   t he   c a r b o n   c o n t e n t   in  t h e   m o l t e n  

m e t a l   d e c r e a s e s   to  t h e   d e s i r e d   l e v e l ,  

c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to   u t i l i z e   f rom  2.5  to  12E 

of  t h e   i n j e c t e d   i n e r t   gas  f rom  a  s e p a r a t e   g a s  

s o u r c e   to  s h r o u d   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   s u p p l y i n g   dry   a i r   to  t he   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y  

s u f f i c i e n t   f o r   t he   n i t r o g e n   in  t he   dry  a i r   t o  

f u l f i l l   t h e   i n e r t   gas  r e q u i r e m e n t s   f o r   the   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,   and  f o r   t h e  

o x y g e n   in  t he   dry  a i r   to  f u l f i l l   a  p o r t i o n   of  t h e  

o x y g e n   r e q u i r e m e n t s   f o r   t he   r e m a i n d e r   oi  t h e  

i n j e c t e d   g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   the   vo lume   of  o x y g e n   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas  s o u r c e s   in  a c c o r d a n c e  

w i t h   t h e   vo lume   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t h e   s u p p l y   of  dry   a i r   to  m a i n t a i n   the   r e q u i r e d  



o x y g e n   to   i n e r t   gas   r a t i o .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   a  m e t h o d   o f  

d e c a r b u r i z i n g   c h r o m i u m   c o n t a i n i n g   m o l t e n   s t e e l   c o n t a i n i n g  

l e s s   t h a n   s u b s t a n t i a l l y   3.5%  by  w e i g h t   c a r b o n ,   w i t h o u t  

s u b s t a n t i a l   l o s s   of   c h r o m i u m , c o m p r i s i n g   t h e   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t  

gas   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f r o m   s e p a r a t e   gas   s o u r c e s   i n t o   m o l t e n   s t e e l  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  s u b s t a n t i a l l y  

1 4 2 7 ° C   to   1510°C   ( 2 6 0 0 ° F   to   2 7 5 0 ° F ) ,   b e l o w   t h e  

s u r f a c e   t h e r e o f ,   a t   an  o x y g e n   to  i n e r t   gas   r a t i o  

of  s u b s t a n t i a l l y   3 : 1 ,   w h e r e b y   a  p o r t i o n   of  t h e  

i n j e c t e d   o x y g e n   r e a c t s   w i t h   t h e   c a r b o n   to  e v o l v e  

c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   f rom  s u b s t a n t i a l l y  

2 .5   to   12%  of  t h e   i n j e c t e d   i n e r t   gas  to   s h r o u d  

t h e   r e m a i n d e r   of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,  

d e c r e a s i n g   t h e   o x y g e n   to   i n e r t   gas  r a t i o  

to   s u b s t a n t i a l l y   1:1  as  t h e   c a r b o n   c o n t e n t   i n  

t h e   m o l t e n   s t e e l   d e c r e a s e s   to   l e s s   t h a n  

s u b s t a n t i a l l y   0 .75%  by  w e i g h t ,   and  as  t h e  

t e m p e r a t u r e   of  t h e   m o l t e n   s t e e l   i n c r e a s e s   t o  

a t   l e a s t   s u b s t a n t i a l l y   1593°C  ( 2 9 0 0 ° F ) ,  

f u r t h e r   d e c r e a s i n g   t h e   o x y g e n   to  i n e r t   g a s  

r a t i o   to   a t   l e a s t   as  low  as  s u b s t a n t i a l l y   1 : 3  

as  t h e   c a r b o n   c o n t e n t   in  t h e   m o l t e n   s t e e l  



d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y   0.2%  by  w e i g h t  

and  as  t h e   t e m p e r a t u r e   of  t he   m o l t e n   s t e e l   i n c r e a s e s  

to  at  l e a s t   s u b s t a n t i a l l y   1649°C  ( 3 0 0 0 ° F ) ,   a n d  

c o n t i n u i n g   i n j e c t i n g   t he   g a s e o u s   m i x t u r e   a t  

an  o x y g e n   to   i n e r t   gas  r a t i o   of  at  l e a s t   as  low  a s  

s u b s t a n t i a l l y   1:3  u n t i l   t h e   c a r b o n   c o n t e n t   in  t h e  

m o l t e n   s t e e l   d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y  

0.10%  by  w e i g h t ,  

c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to  u t i l i z e   f rom  s u b s t a n t i a l l y  

2 .5   to  12%  of  t he   i n j e c t e d   i n e r t   gas  f rom  a  s e p a r a t e  

gas  s o u r c e   to  s h r o u d   t h e   r e m a i n d e r   of  t he   i n j e c t e d  

g a s e o u s   m i x t u r e ,   s u p p l y i n g   dry  a i r   to  t h e   r e m a i n d e r  

of  the   i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y  

s u f f i c i e n t   f o r   t he   n i t r o g e n   in  t he   dry  a i r   t o  

f u l f i l l   t h e   i n e r t   gas  r e q u i r e m e n t s   fo r   t he   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,   and  f o r   t he   o x y g e n  

in  t he   dry  a i r   to  f u l f i l l   a  p o r t i o n   of  t h e   o x y g e n  

r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r   of  the   i n j e c t e d  

g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   t he   v o l u m e   of  oxygen   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas  s o u r c e s   in  a c c o r d a n c e  

w i t h   t he   v o l u m e   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t he   s u p p l y   of  dry  a i r   to  m a i n t a i n   t he   r e q u i r e d  

o x y g e n   to   i n e r t   gas  r a t i o .  



An  a d v a n t a g e   of  t h e   p r e s e n t   i n v e n t i o n   is   t h e   d i r e c t  

s u b s t i t u t i o n   of   l o w e r   c o s t   c o m p r e s s e d   a i r   f o r   g a s e o u s  

n i t r o g e n   and  g a s e o u s   o x y g e n   f rom  s e p a r a t e   gas  s o u r c e s   a n d  

t h e   c o n t r o l l e d   u t i l i z a t i o n   of   s u c h   l o w e r   c o s t   a i r   in  a 

d e c a r b u r i z a t i o n   p r o c e s s .  

The  i n v e n t i o n   w i l l   be  more   f u l l y   u n d e r s t o o d   a n d  

a p p r e c i a t e d   w i t h   r e f e r e n c e   to   t h e   f o l l o w i n g   d e s c r i p t i o n .  

As  d i s c u s s e d   a b o v e ,   d e c a r b u r i z i n g   i s   a  n e c e s s a r y  

and  e s s e n t i a l   p a r t   of  c e r t a i n   m e t a l   p r o d u c t i o n   p r o c e s s e s ,  

p a r t i c u l a r l y   t h e   s t e e l - m a k i n g   p r o c e s s .   For   e x a m p l e ,   i n  

t h e   p r o d u c t i o n   of  c e r t a i n   s t e e l s ,   s u c h  a s   h i g h   c h r o m i u m  

s t a i n l e s s   s t e e l ,   i t   i s   common  f o r   t h e   i n i t i a l l y   m e l t e d  

h o t   m e t a l   t o   c o n t a i n   f rom  a b o u t   0 . 5   to   a b o u t   1.8%  b y  

w e i g h t   c a r b o n .   I t   may  be  n e c e s s a r y   to   r e d u c e   s u c h   c a r b o n  

c o n t e n t   to   b e l o w   a b o u t   0.06%  by  w e i g h t ,   and ,   f o r   c e r t a i n  

s t e e l   g r a d e s ,   b e l o w   a b o u t   0 .03%  by  w e i g h t   in  o r d e r   f o r  

t h e   s t e e l   t o   be  of   a c c e p t a b l e   q u a l i t y .   A l t h o u g h   t h e  

p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d   w i t h   p a r t i c u l a r   r e f e r e n c e  

to   t h e   p r o d u c t i o n   of  s t e e l ,   i n c l u d i n g   s t a i n l e s s   s t e e l ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   may  a p p l y  

to   t h e   d e c a r b u r i z a t i o n   of  a  v a r i e t y   of  m e t a l s   i n c l u d i n g  

s i l i c o n   s t e e l ,   c a r b o n   s t e e l ,   t o o l   s t e e l s ,   h i g h e r   c a r b o n  

c o n t a i n i n g   f e r r o c h r o m i u m ,   and  o t h e r   g r a d e s .  

R e d u c t i o n   of  t h e   c a r b o n   c o n t e n t   of  a  m e t a l   i s  

p e r f o r m e d   by  a  d e c a r b u r i z i n g   p r o c e s s .   A  t y p i c a l  

d e c a r b u r i z i n g   p r o c e s s ,   commonly   c a l l e d   t h e   a r g o n - o x y g e n  



d e c a r b u r i z a t i o n   (AOD)  p r o c e s s ,   i n c l u d e s   i n j e c t i n g   a  

m i x t u r e   of  g a s e o u s   o x y g e n   and  an  i n e r t   gas  i n t o   a  

v e s s e l   c o n t a i n i n g   a  m o l t e n   m e t a l   b a t h .   The  i n e r t   g a s  

may  be  n i t r o g e n ,   a r g o n ,   x e n o n ,   neon  or  h e l i u m   o r  

m i x t u r e s   t h e r e o f .   The  i n j e c t e d   gas  m i x t u r e   is   i n t r o d u c e d  

b e l o w   t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l   t h r o u g h   one  o r  

a  s e r i e s   of  t u y e r e s   p r e f e r a b l y   l o c a t e d   at   or  n e a r   t h e  

b o t t o m   s u r f a c e   of  t h e   v e s s e l .  

D u r i n g   i n j e c t i o n   of  t he   g a s e o u s   m i x t u r e   i n t o   t h e  

m o l t e n   m e t a l ,   a  p o r t i o n   of  t he   i n e r t   ga s ,   t y p i c a l l y  

a r g o n ,   is   u t i l i z e d   to  s h r o u d   the   r e m a i n d e r   of  t he   i n j e c t e d  

m i x t u r e .   Such  s h r o u d i n g   p r o t e c t s   the   t u y e r e s   and  t h e  

v e s s e l   f rom  t he   d e l e t e r i o u s   a f f e c t s   wh ich   t h e   o x y g e n  

may  o t h e r w i s e   have   t h e r e o n   d u r i n g   i n j e c t i o n .  

Such  s h r o u d i n g   may  be  a c c o m p l i s h e d   by  u s i n g  

t u y e r e s   c o n s t r u c t e d   of  two  c o n c e n t r i c   p i p e s .   A  p o r t i o n  o f  

t h e  i n e r t   gas  is   s u p p l i e d   t h r o u g h   the   a n n u l u s ,   d e f i n e d   b y  

t h e   l a r g e r   o u t s i d e   d i a m e t e r   p i p e ,   i n t o   t h e   v e s s e l .  

The  r e m a i n d e r   of  t he   g a s e o u s   m i x t u r e   is  s u p p l i e d   t o  

t h e   v e s s e l   t h r o u g h   t h e   c e n t r a l   p o r t i o n   d e f i n e d   by  t h e  

s m a l l e r   d i a m e t e r   p i p e .   A l t h o u g h   the   i n e r t   g a s  

r e q u i r e m e n t s   fo r   t h e   r e m a i n d e r   of  the   g a s e o u s   m i x t u r e  

may  be  r e d u c e d   by  t he   p r o c e s s   of  the   p r e s e n t   i n v e n t i o n  

as  e x p l a i n e d   in  d e t a i l   b e l o w ,   i t   has  been   f o u n d   t h a t   t h e  

i n e r t   gas  r e q u i r e m e n t s   f o r   p r o v i d i n g   the   s h r o u d   s h o u l d  

be  m a i n t a i n e d   to   p r o l o n g   t u y e r e   and  r e f r a c t o r y   l i f e .  



I t   has   b e e n   f o u n d   t h a t   t h e   v o l u m e ,   or  f l o w   r a t e ,   o f  

i n e r t   gas   u s e d   to   p r o v i d e   s u c h   s h r o u d   is   t y p i c a l l y  

f r o m   a b o u t   2 .5   to  a b o u t   12%  of  t h e   t o t a l   gas  v o l u m e .  

In  t h e   AOD  p r o c e s s ,   t h e   a m o u n t   of  g a s e o u s   o x y g e n  

and  t h e   a m o u n t   of  i n e r t   gas   a r e   c o n t r o l l e d   to  a c c o m p l i s h  

t h e   r e q u i s i t e   c a r b o n   r e d u c t i o n .   I t   is   u n d e r s t a n d a b l e  

t h a t   t h e   d e s i r e d   c a r b o n   r e d u c t i o n   may  v a r y   d e p e n d i n g  

upon   t h e   m e t a l   b e i n g   d e c a r b u r i z e d   and  t h e   t y p e   o f  

p r o d u c t   to   be  p r o d u c e d   t h e r e f r o m .   In  a  t y p i c a l   s t e e l  

d e c a r b u r i z a t i o n   p r o c e s s ,   t h e   t e m p e r a t u r e   of  t h e   u n r e f i n e d  

m o l t e n   s t e e l   a f t e r   b e i n g   p o u r e d   i n t o   an AOD  v e s s e l  

w o u l d   be  in  t h e   r a n g e   of  f rom  1316  to  1593°C  (2400  t o  

2 9 0 0 ° F ) ,   and  more   t y p i c a l l y   f rom  1427  to  1510°C  ( 2 6 0 0  

to   2 7 5 0  F )   f o r   m o s t   g r a d e s .   Then  a  m i x t u r e   of  g a s e o u s  

o x y g e n   and  i n e r t   gas   f rom  s e p a r a t e   gas   s o u r c e s   is   i n j e c t e d  

b e l o w   t h e   s u r f a c e   of  t h e   m o l t e n   s t e e l   a t   a  h i g h   o x y g e n   t o  

i n e r t   gas   r a t i o .   Such  o x y g e n   i n j e c t i o n   i s   c o m m o n l y  

c a l l e d   t h e   " o x y g e n   b l o w . "   I t   s h o u l d   be  u n d e r s t o o d   t h a t  

t h e   h i g h   o x y g e n   to  i n e r t   gas   r a t i o   is   i n t e n d e d   t o  

i n c l u d e   o x y g e n   to   i n e r t   gas   r a t i o s   h i g h e r   t h a n   a b o u t  

2 : 1 ,   and  in  c e r t a i n   a p p l i c a t i o n s   may  be  as  h i g h   as  7 : 1 ,  

a l t h o u g h   r a t i o s   of  f rom  3:1  to  4 :1   a r e   m o s t   c o m m o n .  

I t   s h o u l d   a l s o   be  u n d e r s t o o d   t h a t   r e f e r e n c e   to   t h e  

p h r a s e   " d e c r e a s i n g   t h e   o x y g e n   to   i n e r t   gas  r a t i o "   m e a n s  

t h a t   t h e   p r o p o r t i o n   of  i n e r t   gas   in  t h e   m i x t u r e  

i n c r e a s e s   w i t h   r e s p e c t   to  t h e   p r o p o r t i o n   of  o x y g e n   i n  



s u c h   m i x t u r e .  

D u r i n g   t h e   o x y g e n   blow  at  l e a s t   a  p o r t i o n   of  t h e  

i n j e c t e d   g a s e o u s   o x y g e n   r e a c t s   w i t h   t he   c a r b o n   in  t h e  

m o l t e n   s t e e l   to  e v o l v e   c a r b o n   o x i d e s .   I t   is   u n d e r s t a n d a b l e  

t h a t   t he   amoun t   of  o x y g e n   must   be  s u f f i c i e n t   w i t h  

r e s p e c t   to  t h e   c a r b o n   c o n t e n t   of  t he   m o l t e n   m e t a l   t o  

e v o l v e   c a r b o n   o x i d e s   t h e r e f r o m   w h i l e   t he   amoun t   of  o x y g e n  

mus t   no t   be  so  e x c e s s i v e   as  to  c a u s e   o x i d a t i o n   of  c e r t a i n  

a l l o y i n g   e l e m e n t s   p a r t i c u l a r l y   c h r o m i u m .   I t   has   b e e n  

f o u n d ,   a c c o r d i n g l y ,   t h a t   a  h i g h   o x y g e n   to  i n e r t   g a s  

r a t i o   of  at  l e a s t   as  h i g h   as  a b o u t   2:1  is   s u f f i c i e n t  

d u r i n g   t h e   i n i t i a l   b l o w i n g   s t a g e s .   H o w e v e r ,   as  i s   a l s o  

u n d e r s t a n d a b l e ,   as  t he   c a r b o n   o x i d e s   e v o l v e   f rom  t h e  

m o l t e n   s t e e l   a  l o w e r   o x y g e n   c o n c e n t r a t i o n   is   r e q u i r e d  

in  t h e   i n j e c t e d   gas  to  c o n t i n u e   d e c a r b u r i z a t i o n   w h i l e  

m i n i m i z i n g   c h r o m i u m   l o s s .   T h e r e f o r e ,   t h e   i n i t i a l   h i g h  

o x y g e n   to  i n e r t   gas  r a t i o   s h o u l d   be  r e d u c e d ,   t y p i c a l l y  

to  a b o u t   1 : 1 ,   as  t h e   c a r b o n   c o n t e n t   of  t he   s t e e l  

d e c r e a s e s ,   t y p i c a l l y   to  l e s s   t h a n   a b o u t   0.5%  by  w e i g h t .  

I t   is  a l s o   t y p i c a l   t h a t   t he   t e m p e r a t u r e   of  t he   m o l t e n  

s t e e l   r i s e s   a b o u t   121  to  204°C  (250  to  4000F)  d u r i n g  

such   i n i t i a l   d e c a r b u r i z a t i o n   s t e p   to  a  t e m p e r a t u r e  

a p p r o x i m a t e l y   1649°C  ( 3 0 0 0 0 F ) .   The  o x y g e n   to  i n e r t  

gas  r a t i o   s h o u l d   be  f u r t h e r   r e d u c e d   as  t h e   c a r b o n  

c o n t e n t   in  t h e   m o l t e n   s t e e l   d e c r e a s e s .   As  d i s c u s s e d  

in  d e t a i l   b e l o w ,   i t   is  t y p i c a l   t h a t   t he   o x y g e n   to  i n e r t  



gas   r a t i o   i s   r e d u c e d   to   at   l e a s t   as  low  as  a b o u t   1:3  a s  

t h e   c a r b o n   c o n t e n t   in  t h e   m o l t e n   s t e e l   d e c r e a s e s   to   l e s s  

t h a n   a b o u t   0.2%  by  w e i g h t   and  as  t h e   t e m p e r a t u r e   o f  

t h e   m o l t e n   s t e e l   i n c r e a s e s   a n o t h e r   38°C  ( 1 0 0  F )   to   a b o u t  

1704°C   ( 3 1 0 0 0 F ) .   Such  f i n a l l y   r e d u c e d   o x y g e n   to  i n e r t  

gas   r a t i o   s h o u l d   t h e r e a f t e r   be  m a i n t a i n e d   u n t i l   t h e   c a r b o n  

c o n t e n t   in  t h e   m o l t e n   s t e e l   i s   r e d u c e d   to   t h e   d e s i r e d  

l e v e l ,   w h i c h   f o r   m o s t   s p e c i a l t y   s t e e l   g r a d e s   i s   p r e f e r a b l y  

b e l o w   0 .06%  by  w e i g h t .  

The  p r e s e n t   i n v e n t i o n   may  be  a p p l i c a b l e   t o  

d e c a r b u r i z i n g   a  v a r i e t y   of  s t e e l   g r a d e s ,   even   s t e e l  

c o n t a i n i n g   as  h i g h   as  a b o u t   30%  by  w e i g h t   c h r o m i u m .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   b l o w i n g   s c h e d u l e s   may  

h a v e   to   be  a l t e r e d   in  i n s t a n c e s   of  h i g h   c h r o m i u m  

c o n t e n t   in   t h e   m o l t e n   s t e e l   p r i m a r i l y   to  p r e v e n t   o x i d a t i o n  

t h e r e o f .  

As  m e n t i o n e d   a b o v e ,   a b o u t   2 .5   to  12%  of  t h e   t o t a l  

gas   v o l u m e   s h o u l d   be  u t i l i z e d   to   m a i n t a i n   an  i n e r t   g a s  

s h r o u d   t h r o u g h o u t   t h e   m a j o r i t y   of  t h e   d e c a r b u r i z i n g  

p r o c e s s .   The  b a l a n c e ,   or  r e m a i n d e r ,   of  t h e   g a s e o u s  

m i x t u r e   c o m p r i s e s   o x y g e n   and  an  i n e r t   g a s .   For  t h e  

p u r p o s e   of   t h i s   i n v e n t i o n   t h e   t e r m   i n e r t   gas  is   u s e d  

to  r e f e r   to   any  gas   w h i c h   p r e v e n t s   t h e   t u y e r e ,   or  n o z z l e  

f rom  o x i d i z i n g   i n c l u d i n g   n i t r o g e n ,   a r g o n ,   x e n o n ,   n e o n ,  

h e l i u m   and  m i x t u r e s   t h e r e o f .  

In  t h e   p a s t ,   a l l   of  t h e   g a s e s   u t i l i z e d   f o r  



d e c a r b u r i z i n g   were  s t o r e d   in  s e p a r a t e   f a c i l i t i e s .   E a c h  

gas   was  p u r c h a s e d   in  s u b s t a n t i a l l y   pu re   form  and  s e g r e g a t e d  

f rom  t he   o t h e r   g a s e s   u n t i l   i n j e c t i o n   i n t o   a  m o l t e n   s t e e l  

b a t h .   I t   can  be  r e a d i l y   a p p r e c i a t e d   t h a t   t he   c o s t s   o f  

m a n u f a c t u r i n g   l a r g e   q u a n t i t i e s   of  c o m m e r c i a l l y   p u r e   o x y g e n  

and  n i t r o g e n ,   t y p i c a l l y   by  a i r   l i q u e f a c t i o n   t e c h n i q u e s  

may  be  s i g n i f i c a n t .   As  s u c h ,   t h e   gas  c o n s u m p t i o n   c o s t s   i n  

s u c h   p r i o r   a r t   p r o c e s s   c o m p r i s e   a  s i g n i f i c a n t   p o r t i o n  

of  t h e   o v e r a l l   d e c a r b u r i z i n g   c o s t s .  

The  p r e s e n t   i n v e n t i o n   r e q u i r e s   t h a t   t he   a i r  

s u b s t i t u t e d   f o r   g a s e o u s   n i t r o g e n   and  t h a t   t he   s u b s t i t u t i o n  

p r o c e s s   i t s e l f   be  c o n t r o l l e d   in  o r d e r   f o r   t he   s u b s t i t u t i o n  

to  be  s u c c e s s f u l .   In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,  

t h e   a i r   s u p p l i e d   f o r   d e c a r b u r i z i n g   m o l t e n   m e t a l   must   b e  

d r y .   Dry  a i r   is   s u p p l i e d   to  t he   r e m a i n d e r   of  t h e  

i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y   s u f f i c i e n t   f o r  

t h e   n i t r o g e n   in  t he   dry  a i r   to  f u l f i l l   t he   i n e r t   g a s  

r e q u i r e m e n t s   f o r   t he   r e m a i n d e r   of  t he   i n j e c t e d   g a s e o u s  

m i x t u r e .   As  u s e d   in  t h e   p r e s e n t   a p p l i c a t i o n ,   the   t e r m  

"d ry   a i r "   means   a i r   w h i c h   has  been   c o m p r e s s e d   to  at  l e a s t  

200  p s i g ,   and  p r e f e r a b l y   to  a b o u t   250  p s i g ,   and  i s  

d e m o i s t u r i z e d   to  a  dew  p o i n t   of  -40°C  ( -400F)   or  l o w e r .  

I t   s h o u l d   f u r t h e r   be  n o t e d   t h a t   t h e   dry  a i r   of  t h e  

p r e s e n t   i n v e n t i o n   s h o u l d   no t   be  c o m p r e s s e d   w i t h   o i l   o r  

o t h e r   l u b r i c a n t s   w h i c h   c o u l d   c o n t a m i n a t e   t he   dry  a i r .  

The  amount   of  i n e r t   gas  r e q u i r e d   fo r   m a i n t a i n i n g  

a  s h r o u d   may  be  e s t a b l i s h e d   and  m a i n t a i n e d   r e l a t i v e l y  



u n i f o r m   t h r o u g h o u t   t h e   d e c a r b u r i z i n g   p r o c e s s .   T h e  

a m o u n t   of  i n e r t   gas   r e q u i r e d   f o r   t h e   r e m a i n d e r   of  t h e  

g a s e o u s   m i x t u r e ,   i . e . ,   a p a r t   f rom  t h e   s h r o u d ,  i s   r e a d i l y  

d e t e r m i n e d   f rom  t h e   o x y g e n   to   t o t a l   i n e r t   gas   r a t i o .  

T h e n ,   an  a m o u n t   of   d ry   a i r ,   as  d e f i n e d   a b o v e ,   n e c e s s a r y  

to   s u p p l y   s u c h   i n e r t   gas   ( n i t r o g e n )   r e q u i r e m e n t s   i s  

p r o v i d e d   t h r o u g h   t h e   c e n t r e   of  t h e   i n j e c t i n g   t u y e r e  

w i t h i n   t h e   i n e r t   gas   s h r o u d   and  i n t o   t h e   m o l t e n   m e t a l  

b a t h .  

I t   f o l l o w s ,   t h a t   a  c e r t a i n   a m o u n t   of  o x y g e n   i s  

i n j e c t e d   i n t o   t h e   m o l t e n   m e t a l   a l o n g   w i t h   t h e   n i t r o g e n  

in  t h e   dry   a i r .   Such  o x y g e n   c o m p r i s e s   a b o u t   o n e - f i f t h  

of  t h e   t o t a l   d r y   a i r   i n j e c t e d .   T h i s   a m o u n t   of  o x y g e n  

i s   u s u a l l y   n o t   s u f f i c i e n t   to   s a t i s f y   a l l   of  t h e   o x y g e n  

r e q u i r e m e n t s ,   b u t   t h e   t o t a l   o x y g e n   r e q u i r e m e n t s   f o r  

t h a t   q u a n t i t y   w h i c h   m u s t   be  s u p p l i e d   f rom  a  s e p a r a t e  

s o u r c e   is   r e d u c e d   a c c o r d i n g l y .   T h u s ,   t h e   s u b s t i t u t i o n  

of  d ry   a i r ,   as  d e f i n e d   a b o v e ,  n o t  o n l y   r e d u c e s   s e p a r a t e  

s o u r c e   i n e r t   gas   r e q u i r e m e n t s   b u t   a l s o   r e d u c e s   t h e  

s e p a r a t e   s o u r c e   o x y g e n   r e q u i r e m e n t s .  

T y p i c a l l y ,   t h e   t o t a l   g a s e o u s   n i t r o g e n   c o n s u m p t i o n  

d u r i n g   t h e   d e c a r b u r i z i n g   p o r t i o n   of  t h e   AOD  r e f i n i n g  

p r o c e s s   r a n g e s   f rom  a b o u t   400  to  a b o u t   1000  c u b i c   f e e t  

p e r   t o n   of  s t e e l .   Such  c o n s u m p t i o n   may  v a r y   d e p e n d i n g  

upon  t h e   a m o u n t   of  c a r b o n   a n d / o r   t h e   a m o u n t   of  n i t r o g e n  

t o l e r a b l e   in  t h e   f i n a l   c h e m i s t r y   of  t h e   s t e e l  .   U s i n g  

s u c h   d ry   a i r ,   as  s e t   f o r t h   in  t h e   p r e s e n t   i n v e n t i o n ,  



r e s u l t s   in  a  r e p l a c e m e n t   of  at  l e a s t   50%,  and  g e n e r a l l y  

in  e x c e s s   of  80%,  of  t h e   g a s e o u s   n i t r o g e n   f o r m e r l y  

s u p p l i e d   as  c o m m e r c i a l l y   pu re   g a s e o u s   n i t r o g e n   f rom  a 

s e p a r a t e   s o u r c e .   Such  s u b s t i t u t i o n   of  dry   a i r   f u r t h e r  

r e s u l t s   in  a  r e p l a c e m e n t   o f ,   t y p i c a l l y ,   a b o u t   25  to  35% 

of  t h e   o x y g e n   r e q u i r e m e n t s   f o r m e r l y   s u p p l i e d   a s  

c o m m e r c i a l l y   p u r e   g a s e o u s   oxygen   f rom  a  s e p a r a t e   s o u r c e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   m e t a l   g r a d e s   w h i c h   h a v e  

l o w e r   c a r b o n   t o l e r a n c e   r e q u i r e   a  l o n g e r   o x y g e n   b l o w .  

A l s o ,   c e r t a i n   m e t a l   g r a d e s   p e r m i t   a  h i g h e r   n i t r o g e n  

c o n t e n t .   In  such   i n s t a n c e s   the   amount   of  dry  a i r  

s u b s t i t u t e d   f o r   g a s e o u s   n i t r o g e n   and  g a s e o u s   o x y g e n ,   a n d  

t h e   c o r r e s p o n d i n g   s a v i n g s   r e s u l t i n g   from  s u c h  

s u b s t i t u t i o n   may  be  more  s i g n i f i c a n t .  

T a b l e   I  b e l o w   shows  a  c o m p a r i s o n   of  gas  c o n s u m p t i o n  

b e t w e e n   c o n v e n t i o n a l   d e c a r b u r i z a t i o n   and  d e c a r b u r i z a t i o n  

in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   f o r   a  1 0 0 - t o n  

h e a t   of  Type  304  ELC  ( e x t r a   low  c a r b o n )   s t a i n l e s s   s t e e l :  





The  c o n s u m p t i o n   f i g u r e s   f o r   a r g o n   and  n i t r o g e n ,  

as  s e t   f o r t h   in  T a b l e   I  a b o v e ,   do  no t   r e f l e c t   g a s  

c o n s u m p t i o n   d u r i n g   s t i r r i n g   of  a  r e d u c t i o n   m i x t u r e ,   o r  

gas  c o n s u m p t i o n   d u r i n g   p o s t   r e f i n i n g   o p e r a t i o n s   w h i c h  

may  be  p e r f o r m e d   a f t e r   d e c a r b u r i z a t i o n .   T y p i c a l l y ,  

a r g o n   is  u s e d   f o r   s t i r r i n g   of  a  r e d u c t i o n   m i x t u r e .   A l s o  

n i t r o g e n   may  be  c o n s u m e d   a f t e r   d e c a r b u r i z a t i o n   in  i n s t a n c e s  

w h e r e   t h e r e   is   an  a imed  n i t r o g e n   c o n t e n t   f o r   t he   m o l t e n  

m e t a l .  

C h e m i s t r y   c h a n g e s   d u r i n g   t h e   d e c a r b u r i z a t i o n  

p r o c e s s ,   and  t h r o u g h   the   r e d u c t i o n   p e r i o d   of  t he   p r e s e n t  

i n v e n t i o n   f o r   t he   h e a t   of  Type  304  ELC  s t a i n l e s s   s t e e l  

d i s c u s s e d   a b o v e ,   a re   shown  in  T a b l e   I I .   The  raw  m a t e r i a l s  

a d d e d   d u r i n g   d e c a r b u r i z a t i o n   and  f o r   r e d u c t i o n   a f t e r  

d e c a r b u r i z a t i o n   of  such  h e a t   of  Type  304  ELC  s t a i n l e s s  

s t e e l   a r e   shown  in  T a b l e   I I I .  



The  c a r b o n   c o n t e n t   and  t h e   m o l t e n   m e t a l   t e m p e r a t u r e s  

a t   v a r i o u s   s t a g e s   of  t h e   a b o v e - d e s c r i b e d   d e c a r b u r i z a t i o n  

e x a m p l e   a r e   as  f o l l o w s :  

As  i l l u s t r a t e d   in  t h e   a b o v e   e x a m p l e ,   t h e   a m o u n t   o f  

g a s e o u s   n i t r o g e n   u t i l i z e d   f rom  a  s e p a r a t e   s o u r c e   w h e n  

u s i n g   t h e   c o n v e n t i o n a l   d e c a r b u r i z a t i o n   p r o c e s s   t o t a l s  

1 0 3 , 0 8 0   c u b i c   f e e t   f o r   t he   d e c a r b u r i z a t i o n   p o r t i o n   a l o n e .  

H o w e v e r ,   when  d ry   a i r ,   as  d e f i n e d   a b o v e ,   i s   u s e d   f o r  

b l o w i n g ,   t h e   g a s e o u s   n i t r o g e n   r e q u i r e m e n t s   a r e   r e d u c e d  

to  1 0 , 4 4 0   c u b i c   f e e t .   I t   s h o u l d   be  u n d e r s t o o d   t h a t  

s u c h   1 0 , 4 4 0   c u b i c   f e e t   of  g a s e o u s   n i t r o g e n   r e p r e s e n t s  

t h a t   q u a n t i t y   n e c e s s a r y   to  m a i n t a i n   an  i n e r t   gas   s h r o u d  



d u r i n g   the   m a j o r   p o r t i o n   of  t he   d e c a r b u r i z a t i o n   p r o c e s s .  

A l s o ,   t he   oxygen   c o n t a i n e d   in  t h e   dry  a i r   r e s u l t s   in  a 

d e c r e a s e   in  g a s e o u s   o x y g e n   r e q u i r e m e n t s .   In  p a r t i c u l a r ,  

t h e   g a s e o u s   o x y g e n   c o n s u m e d   d e c r e a s e d   from  7 2 , 4 0 0   c u b i c  

f e e t   f o r   c o n v e n t i o n a l   d e c a r b u r i z i n g   to  4 9 , 2 5 0   c u b i c   f e e t  

a c c o r d i n g   to  an  e x e m p l a r y   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n .  

I t   s h o u l d   be  n o t e d   t h a t   in  t h e   above   e x a m p l e   t h e  

o x y g e n : n i t r o g e n   m i x t u r e   is  u s e d   f o r   t h e   f i r s t   98%  o f  

o x y g e n   b l o w i n g   r e q u i r e m e n t s .   For  m e t a l   g r a d e s   h a v i n g  

low  n i t r o g e n   c o n t e n t s   such   p e r i o d   may  be  s i g n i f i c a n t l y  

l o w e r ,   h o w e v e r ,   t y p i c a l l y   t h e   m i x t u r e   is   u sed   f o r   t h e  

f i r s t   90-98%  of  o x y g e n   b l o w i n g   r e q u i r e m e n t s .   T h e r e -  

a f t e r ,   i t   may  be  c o n s i d e r e d   n e c e s s a r y   to  s u b s t i t u t e   a r g o n  

f o r   t he   n i t r o g e n   in  o r d e r   to  c o n t r o l   t h e   n i t r o g e n   c o n t e n t  

of  t he   m o l t e n   m e t a l   to  a  c e r t a i n   l e v e l ,   such  as  l e s s  

t h a n   a b o u t   0 .065%  by  w e i g h t .   I t   s h o u l d   be  a p p a r e n t   t h a t  

s u c h   s u b s t i t u t i o n   may  no t   be  n e c e s s a r y   in  i n s t a n c e s   w h e r e  

n i t r o g e n   c o n t e n t   is  no t   c r i t i c a l .  



1.  A  m e t h o d   of  d e c a r b u r i z i n g   m o l t e n   m e t a l  

c o m p r i s i n g   t h e   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t  

gas   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f r o m   s e p a r a t e   gas   s o u r c e s   i n t o   m o l t e n   m e t a l   b e l o w  

t h e   s u r f a c e   t h e r e o f ,   a t   a  h i g h   o x y g e n   to   i n e r t  

gas   r a t i o   of  a t   l e a s t   2 : 1 ,   w h e r e b y   a  p o r t i o n   o f  

t h e   i n j e c t e d   o x y g e n   r e a c t s   w i t h   t h e   c a r b o n   t o  

e v o l v e   c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   f rom  2 .5   to  12% 

of  t h e   i n j e c t e d   i n e r t   gas   to   s h r o u d   t h e   r e m a i n d e r  

of   t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,  

p r o g r e s s i v e l y   d e c r e a s i n g   t h e   o x y g e n   to   i n e r t  

gas   r a t i o   as  t h e   c a r b o n   c o n t e n t   in  t h e   m o l t e n  

m e t a l   d e c r e a s e s   and  as  t h e   t e m p e r a t u r e   of  t h e  

m o l t e n   m e t a l   i n c r e a s e s ,   a n d  

c o n t i n u i n g   i n j e c t i n g   t h e   g a s e o u s   m i x t u r e  

u n t i l   t h e   c a r b o n   c o n t e n t   in  t he   m o l t e n   m e t a l  

d e c r e a s e s   to   t h e   d e s i r e d   l e v e l ,  

c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to   u t i l i z e   f rom  2.5  to  12% 

of  t h e   i n j e c t e d   i n e r t   gas   f rom  a  s e p a r a t e   g a s  

s o u r c e   to   s h r o u d   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   s u p p l y i n g   dry  a i r   to  t h e   r e m a i n d e r  



of  t he   i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y  

s u f f i c i e n t   f o r   t he   n i t r o g e n   in  t he   dry  a i r   t o  

f u l f i l l   t he   i n e r t   gas  r e q u i r e m e n t s   f o r   t h e  

r e m a i n d e r   of  the   i n j e c t e d   g a s e o u s   m i x t u r e ,  

and  f o r   t h e   oxygen   in  the   dry  a i r   to  f u l f i l l  

a - p o r t i o n   of  t he   oxygen   r e q u i r e m e n t s   f o r   t h e  

r e m a i n d e r   of  t he   i n j e c t e d   g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   the   vo lume   of  o x y g e n   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas  s o u r c e s   in  a c c o r d a n c e  

w i t h   t h e   v o l u m e   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t h e   s u p p l y   of  dry  a i r   to  m a i n t a i n   t h e  

r e q u i r e d   o x y g e n   to  i n e r t   gas  r a t i o .  

2.  A  m e t h o d   of  d e c a r b u r i z i n g   m o l t e n   m e t a l  

c o m p r i s i n g   t h e   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t  

gas  s e l e c t e d   from  t he   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f rom  s e p a r a t e   gas  s o u r c e s   i n t o   m o l t e n   m e t a l   b e l o w  

t h e   s u r f a c e   t h e r e o f ,   at  an  o x y g e n   to  i n e r t   g a s  

r a t i o   of  at   l e a s t   as  h i g h   as  2 : 1 ,   w h e r e b y   a 

p o r t i o n   of  t he   i n j e c t e d   o x y g e n   r e a c t s   w i t h   t h e  

c a r b o n   to   e v o l v e   c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   f rom  2.5  t o  

12%  of  t h e   i n j e c t e d   i n e r t   gas  to  s h r o u d   t h e  

r e m a i n d e r   of  t he   i n j e c t e d   g a s e o u s   m i x t u r e ,  



p r o g r e s s i v e l y   d e c r e a s i n g   t h e   o x y g e n   to   i n e r t  

gas   r a t i o   to   a t   l e a s t   as  low  as  1:2  as  t h e   c a r b o n  

c o n t e n t   in  t h e   m o l t e n   m e t a l   d e c r e a s e s   and  as  t h e  

t e m p e r a t u r e   of  t h e   m o l t e n   m e t a l   i n c r e a s e s ,   a n d  

c o n t i n u i n g   i n j e c t i n g   t h e   g a s e o u s   m i x t u r e   a t  

an  o x y g e n   to   i n e r t   gas   r a t i o   of  at   l e a s t   as  low  a s  

1:2  u n t i l   t h e   c a r b o n   c o n t e n t   in  t h e   m o l t e n   m e t a l  

d e c r e a s e s   to   t h e   d e s i r e d   l e v e l ,  

c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to   u t i l i z e   f rom  2 .5   to   12% 

of  t h e   i n j e c t e d   i n e r t   gas  f rom  a  s e p a r a t e   g a s  

s o u r c e   to   s h r o u d   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   s u p p l y i n g   dry  a i r   to   t h e   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y  

s u f f i c i e n t   f o r   t h e   n i t r o g e n   in  t h e   d ry   a i r   t o  

f u l f i l l   t h e   i n e r t   gas  r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r  

of  t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,   and  f o r   t h e   o x y g e n  

in  t h e   dry   a i r   to   f u l f i l l   a  p o r t i o n   of  t h e   o x y g e n  

r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   t h e   v o l u m e   of  o x y g e n   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas   s o u r c e s   in  a c c o r d a n c e  

w i t h   t h e   v o l u m e   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t h e   s u p p l y   of  d ry   a i r   t o m a i n t a i n   t h e   r e q u i r e d  

o x y g e n   to   i n e r t   gas   r a t i o .  



3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2,  w h e r e i n  

t h e   m o l t e n   m e t a l   is  s t e e l .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3,  w h e r e i n   t h e  

m  l t e n   m e t a l   is   s t a i n l e s s   s t e e l .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2 , w h e r e i n  

t h e   m o l t e n   m e t a l   is  f e r r o c h r o m e .  

6.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   m o l t e n   m e t a l   t e m p e r a t u r e   at  t h e  

s t a r t   of  d e c a r b u r i z a t i o n   is  f rom  1316  to  1593°C  ( 2 4 0 0  

to  2 9 0 0 ° F ) .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   6  w h e r e i n   t h e  

m o l t e n   m e t a l   t e m p e r a t u r e   at  t he   s t a r t   of  d e c a r b u r i z a t i o n  

is   f rom  1427  to   1510°C  (2600  to  2 7 5 0 o F ) .  

8.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s , w h e r e i n   an  i n i t i a l   oxygen   to  i n e r t  

gas  r a t i o   of  s u b s t a n t i a l l y   3:1  is  d e c r e a s e d   t o  

s u b s t a n t i a l l y   1:1  as  t he   c a r b o n   c o n t e n t   in  t he   m o l t e n  

s t e e l   d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y   0.5%  b y  

w e i g h t ,   and  as  t h e   t e m p e r a t u r e   of  t he   m o l t e n   s t e e l  

i n c r e a s e s   to  at  l e a s t   s u b s t a n t i a l l y   1593°C  ( 2 9 0 0 0 F ) .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   t h e  



o x y g e n   to   i n e r t   gas   r a t i o   of  1 :1   is   f u r t h e r   d e c r e a s e d  

to   a t   l e a s t   as  low  as  s u b s t a n t i a l l y   1 :3   as  t h e   c a r b o n  

c o n t e n t   in   t h e   m b l t e n   s t e e l   d e c r e a s e s   to  l e s s   t h a n  

s u b s t a n t i a l l y   0.2%  by  w e i g h t ,   and  a s  t h e   t e m p e r a t u r e  

of  t h e   m o l t e n   s t e e l   i n c r e a s e s   to  at   l e a s t   s u b s t a n t i a l l y  

1 6 4 9 ° C   ( 3 0 0 0 ° F ) .  

10.  A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  w h e r e i n   t h e  

o x y g e n   to   i n e r t   gas   r a t i o   of  a t   l e a s t   as  low  a s  

s u b s t a n t i a l l y   1:3  is   m a i n t a i n e d   u n t i l   t h e   c a r b o n   c o n t e n t  

in  t h e   m o l t e n   s t e e l   d e c r e a s e s   to   l e s s   t h a n   s u b s t a n t i a l l y  

0.1%  by  w e i g h t .  

l l .   A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  w h e r e i n   t h e  

o x y g e n   to   i n e r t   gas  r a t i o   of  a t   l e a s t   as  low  a s  

s u b s t a n t i a l l y   1:3  is   m a i n t a i n e d   u n t i l   t h e   c a r b o n   c o n t e n t  

in  t h e   m o l t e n   s t e e l   d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y  

0 .06%  by  w e i g h t .  

12.  A  m e t h o d   of  d e c a r b u r i z i n g   c h r o m i u m   c o n t a i n i n g  

m o l t e n   s t e e l   c o n t a i n i n g   l e s s   t h a n   s u b s t a n t i a l l y   3 .5% 

by  w e i g h t   c a r b o n ,   w i t h o u t   s u b s t a n t i a l   l o s s   of  c h r o m i u m  

c o m p r i s i n g   t h e   s t e p s   o f :  

i n j e c t i n g   a  m i x t u r e   of  o x y g e n   and  an  i n e r t  

gas   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n ,  

a r g o n ,   x e n o n ,   n e o n ,   h e l i u m ,   and  m i x t u r e s   t h e r e o f  

f r o m   s e p a r a t e   gas  s o u r c e s   i n t o   m o l t e n   s t e e l  



m a i n t a i n e d   at  a  t e m p e r a t u r e   of  s u b s t a n t i a l l y  

1427°C  to  1510°C  ( 2 6 0 0 ° F   to  2 7 5 0 ° F ) ,   be low  t h e  

s u r f a c e   t h e r e o f ,   at   an  o x y g e n   to  i n e r t   gas  r a t i o  

of  s u b s t a n t i a l l y   3 : 1 ,   w h e r e b y   a  p o r t i o n   of  t h e  

i n j e c t e d   o x y g e n   r e a c t s   w i t h   t he   c a r b o n   to  e v o l v e  

c a r b o n   o x i d e s ,  

d u r i n g   i n j e c t i o n   u t i l i z i n g   from  s u b s t a n t i a l l y  

2 .5   to  12%  of  t he   i n j e c t e d   i n e r t   gas  to  s h r o u d  

t h e   r e m a i n d e r   of  t he   i n j e c t e d   g a s e o u s   m i x t u r e ,  

d e c r e a s i n g   the   o x y g e n   to  i n e r t   gas  r a t i o   t o  

s u b s t a n t i a l l y   1:1  as  t he   c a r b o n   c o n t e n t   in  t h e  

m o l t e n   s t e e l   d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y  

0.75%  by  w e i g h t ,   and  as  t he   t e m p e r a t u r e   of  t h e  

m o l t e n   s t e e l   i n c r e a s e s   to  at   l e a s t   s u b s t a n t i a l l y  

1593°C  ( 2 9 0 0 ° F ) ,  

f u r t h e r   d e c r e a s i n g   t he   oxygen   to  i n e r t   g a s  

r a t i o   to  at  l e a s t   as  low  as  s u b s t a n t i a l l y   1 : 3  

as  t he   c a r b o n   c o n t e n t   in  t he   m o l t e n   s t e e l  

d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y   0.2%  b y  

w e i g h t   and  as  t he   t e m p e r a t u r e   of  the   m o l t e n   s t e e l  

i n c r e a s e s   to  at   l e a s t   s u b s t a n t i a l l y   1649°C  ( 3 0 0 0 ° F ) ,  

a n d  

c o n t i n u i n g   i n j e c t i n g   the   g a s e o u s   m i x t u r e   at  a n  

o x y g e n   to  i n e r t   gas  r a t i o   of  at  l e a s t   as  low  a s  

s u b s t a n t i a l l y   1:3  u n t i l   t he   c a r b o n   c o n t e n t   in  t h e  

m o l t e n   s t e e l   d e c r e a s e s   to  l e s s   t h a n   s u b s t a n t i a l l y  



0.10%  by  w e i g h t ,  

c h a r a c t e r i z e d   in  t h a t :  

w h i l e   c o n t i n u i n g   to   u t i l i z e   f rom  s u b s t a n t i a l l y  

2 . 5   to   12%  of  t h e   i n j e c t e d   i n e r t   gas  f rom  a  s e p a r a t e  

gas   s o u r c e   to   s h r o u d   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   s u p p l y i n g   dry  a i r   to   t h e   r e m a i n d e r  

of   t h e   i n j e c t e d   g a s e o u s   m i x t u r e   in  a  q u a n t i t y  

s u f f i c i e n t   f o r   t h e   n i t r o g e n   in  t h e   d ry   a i r   t o  

f u l f i l l   t h e   i n e r t   gas   r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r  

of   t h e   i n j e c t e d   g a s e o u s   m i x t u r e ,   and  f o r   t h e   o x y g e n  

in  t h e   dry   a i r   to   f u l f i l l   a  p o r t i o n   of  t h e   o x y g e n  

r e q u i r e m e n t s   f o r   t h e   r e m a i n d e r   of  t h e   i n j e c t e d  

g a s e o u s   m i x t u r e ,   a n d  

r e d u c i n g   t h e   v o l u m e   of  o x y g e n   and  i n e r t   g a s  

i n j e c t e d   f rom  s e p a r a t e   gas   s o u r c e s   in  a c c o r d a n c e  

w i t h   t h e   v o l u m e   of  o x y g e n   and  n i t r o g e n   i n j e c t e d  

w i t h   t h e   s u p p l y   of  d ry   a i r   to   m a i n t a i n   t h e   r e q u i r e d  

o x y g e n   to   i n e r t   gas   r a t i o .  
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